Photoreception in animals like Mya and Ciona is essentially a twofold process. This is evidenced by the duality of the reaction time in its division into an initial exposure period and a subsequent latent period. The underlying mechanism of photoreceptlon follows this composition of the reaction time. During the exposure or sensitization period a photochemical reaction is initiated in which a photosensitive substance S is decomposed into its precursors P and A. • In the subsequent latent period these freshly formed precursors serve to catalyze an independent reaction involving the transformation of an indifferent material L into an active substance T. This active material T sets off the nervous impulse for a response (Hecht, 1918-19, a, 
stant intensity has already been studied. The results show that within the investigated range of exposure the velocity of the latent period reaction is a linear function of the exposure time (Hecht, 1918-19, b) . It is assumed that the velocity of the latent period reaction is directly proportional to the concentration of the catalytic substances P and A. Therefore the photochemical effect of the light is a linear function of its time component.
The limits between which the time factor may be varied in these experiments are only a few hundredths of a second apart. This is due to the short exposure which is required for a response (Hecht, 1919-20, c) . The intensity factor, however, may be varied over a much greater range, and with more precision even than the time factor. The relation between the source of energy and the primary and secondary reactions may therefore be determined for a wider gradation of energy application than has been done heretofore.
With this in mind, the present series of experiments was performed.
The animal used is Mya arenaria. For a description of the sensory properties of this animal the reader is referred to previous papers of this series (Hecht, 1919-20, c) . The work was done at the Marine Biological Laboratory at Woods Hole, Massachusetts, during the summer of 1919.
II.
The experiments are very simple. A number of animals are thoroughly dark-adapted by being kept in a dark room for 24 hours. Using a constant source of illumination and a constant exposure time, the reaction time of each animal is determined at different distances from the light. After each observation, the animal is maintained in complete darkness for I5 minutes before the next observation is made on it. As the duration of the exposure to light is known, the latent period is found by subtracting the exposure from the reaction time. Also, since the source of illumination is a concentrated-filament, incandescent lamp, the intensifies may be computed from the distances on the inverse square law. The exposure used was 0.133 second, and the source of light a 250 watt Mazda lamp. The arrangement and construction of the apparatus will be found in detail in a recent publication (Hecht, 1919-20, c) .
Two sets of experiments were made, the first with five animals and the second with four animals. The results were identical in both series. Indeed the individual animals gave essentially the same re- sults as the averages for either set of experiments. Fig. 1 and Table I give the data for the first set of five animals. Each reaction time in the table is the average of fifteen observations, three on each of the five animals. From Fig. 1 it is clear that the duration of the latent period varies inversely with the intensity of the stimulating light.
This conclusion is precisely what is to be expected from previous work. It indicates definitely enough that the velocity of the latent period reaction is controlled by the products of decomposition of the photochemical reaction. The data are, however, not to be dismissed with a merely qualitative treatment. A closer analysis brings to light a situation of the utmost significance for an understanding of the mechanism of photoreception.
Fla. 2. Relation between the intensity at constant exposure and the velocity Df the latent period reaction. The velocity as given by the ordinates is ten times, the reciprocal of the latent period.
III.
The reciprocal of the latent period is a direct measure of the velocity of the reaction L--,T which determines the duration of the latent period. Fig. 2 gives the connection between the intensity and the velocity of the latent period reaction. For convenience the velocity is represented as ten times the reciprocal of the latent period. This makes no difference in the theoretical deductions, because it merely changes the units in which the velocity is given. From the figure it is at once apparent that the relation between the velocity and the intensity is not linear. What the relation is does not appear deftnitely, but the smoothed curve passing through the points is decidedly logarithmic in appearance. This is substantiated by Fig. 3 in which the logarithm of the intensity is used as abscissa rather than the intensity itself. The fact that the curve becomes a straight line shows that the velocity is some logarithmic function of the intensity. To find the exact correspondence between the two, a simple mathematical treatment is sufficient. The equation of a straight line is y=ax +b (1) in which a is the slope of the line, x and y the abscissa and ordinate -respectively, and b is the distance above the center of coordinates at which the line crosses the y axis. The line in Fig. 3 crosses the coordinates at (0, 0). This is true graphically, and also follows from the fact that at zero intensity the velocity of the latent period reaction is zero. Therefore b = 0, and the equation becomes y = ax. (2) Using the notation of Fig. 3 , y is the velocity V, and x is the logarithm of the intensity. The numerical value of the constant a is found by dividing a given value of the ordinate by the corresponding value of the abscissa. In Fig. 3 , a = 2.2. Equation (2) may therefore be written
It will be remembered that we have been using common logarithms. The factor for converting common into natural logarithms is 2.3. It is highly probable that within experimental errors, our constant a = 2.2 is the same thing as the factor for converting Briggsian into Naperian logarithms. The equation for the straight line in Fig. 3 should therefore be V = In I (4) in which In means logarithms to the base e. Equation (4) not only demonstrates the logarithmic connection between the incident light and the velocity of the latent period, but it shows that this relation is of the simplest mathematical nature. Before making any theoretical deductions from equation (4), it will clarify matters if we first consider its direct connection with the reactions which underlie photic sensitivity.
IV.
The two terms of the equation which we have just deduced represent the initial step and the final result of the double process of light sensitivity. The light decomposes a photosensitive substance into its precursors. These precursors, according to our hypothesis, then catalyze the latent period reaction, the end-product of which initiates ~the nervous impulse. We have discovered a simple mathematical relation between the intensity of the light and the velocity of the latent period. The physical connection between these two is, however, not direct. It is made by the mediation of the freshly formed precursor substances. Strictly speaking then, equation (4) is subject to two interpretations. It may represent either the photochemical effect of the light or the catalytic effect of the precursors.
Actually, however, the latter interpretation is excluded. We have assumed that the relation between the concentration of precursors and the velocity of the latent period reaction is linear. "Such proportionality between concentration of the catalyst and the velocity of reaction is found to hold in numerous enzyme reactions within quite wide limits of concentration" (Euler, 1912, p. 132) . Equation (4) because of its logarithmic nature cannot therefore represent the catalytic effect of the freshly formed precursors on the reaction of the latent period. It must consequently express the photochemical action of the light and should then be written E = in I. (5) Here E means photochemical effect as measured by the decomposition of the photosensitive substance S into its precursors P and A. If it were possible E would be written in grams of precursors formed by the light. As it is, it must be expressed in terms of the velocity of the latent period reaction, which is directly proportional to the concentration of precursor substances. Vo Equation (5) as it stands is simple and dearly expresses the facts as we found them experimentally. The intensity I is the independent variable and the photochemical effect E is the dependent variable. The facts may, however, be stated in the reverse manner by saying that the intensity is an exponential function of its photochemical effect. Equation (5) then becomes z--e ~ (6) all the terms possessing their previous significance.
The differential of the last equation (6) dE which means that the increase in intensity necessary to produce an infinitely small increase in photochemical effect is directly proportioned to the intensity itself. Let the intensity I~ produce the photochemical effect E0, and the intensity 11 produce the photochemical effect El. Then if E1-/~0=E (8) equations (6) and (7) tell us that /1 = Io e E (9) and that 1 11
k being a constant. 'In our data k = 0.43, which is the factor for converting natural into common logarithms used in equation (10). If natural logarithms are used, k becomes unity as we have previously found.
The significance of equations (5), (6), (7), (9), and (10), particularly of the latter two, is quite apparent. They are all different mathematical forms of the law expressing the variation of a function at a rate proportional to itself. This is a fundamental principle, which Lord Kelvin has called the "compound interest law in nature," and forms the basis of such regularities as Wilhelmy's law for the velocity of chemical reactions, and Newton's law of cooling. For our immediate interest it is significant that this very principle applies to the absorption of light passing through an absorbing medium (Lambert's law, and Beer's law).
Because of the basic similarity between the expressions for the absorption of light and for the photochemical action of light in photoreception it may possibly be that our results depend upon some constant absorbing medium in the sense organ. In that event the photochemical effect per se would be directly proportional to the energy transmitted by this absorbing layer to the photosensitive substance behind it.
Although a greenish black pigment is found scattered over the photosensitive siphon of Mya it is hardly likely that this acts as such an absorbing medium. The pigment is distributed thinly and irregu-larly over the surface, and its maximum concentration is near the tip within the siphon, where the light reaches it only after it has passed through the sensitive surface. Moreover, individuals vary widely in the amount of pigment they display, some being practically free from it.
Whether our results are ultimately due to the property of an absorbing medium in the sense organ, or whether the equation represents a basic photochemical phenomenon cannot therefore be decided at present. Certain it is that some purely photochemical effects present a similar condition. For example during the period of normal exposure of a photographic plate, the photochemical effect is a logarithmic function of the intensity (Weigert, 1911, p. 86) . The final meaning of our results will therefore await the elucidation of similar data in photochemistry proper.
It may be pointed out that the logarithmfc relation between the intensity of the light and its effect in photoreception agrees with the general idea expressed in the Weber-Fechner law. This agreement, however, is more apparent than fundamental. The Weber-Fechner law is itself merely a psychophysiological statement of the general "compound interest" principle which our results also follow. The comparison does bring out the fact that a logarithmic relation is not peculiarly a biological phenomenon, as much of the discussion of the Weber-Fechner law may lead one to suppose. It is well known in physical chemistry, and depends on the change in a function proceeding at a rate proportional to its own magnitude.
VI.
Before concluding this paper it will be of interest to synthesize the knowledge that we have so far gained of the energy relations in photoreception. The two components of light are its intensity and the time of its action. The photochemical effect of each of these components has now been investigated, and quantitative expressions have been deduced for them. In addition we have studied the relation of these two variables to each other. Are the various findings consistent with one another, and can any additional information be gained by their combination?
We learned that for the minimum energy necessary to elicit a response the time and the intensity follow the Reciprocity Law of Bun-sen and Roscoe (Hecht, 1919-20, c) . This minimum photochemical effect results from the application of 5.62 meter candle seconds of energy, the intensity being inversely proportional to the time. Now that we know the individual photochemical effect of these two variables, we may determine whether their reciprocal relation obtains in the application of energy quantities greater than the minimum of 5.62 units. If the intensity is maintained constant and the time varied, the photolytic effect is directly proportional to the time (Hecht, 1918-19, a) . This applies within an average range of approximately 50 meter candle seconds. If the Reciprocity Law holds for this range of energy values as well as for the minimum, the relation between the intensity factor and its photochemical effect should be the same, within the experimental error, as that found for the time factor. The photolytic effect of the light should thus be a linear function of its intensity factor within a range of 50 units of energy.
The broken line in Fig. 2 shows that this is true. The first three points in Fig., 2 cover a range of 408 meter candles. This gradation of intensity at an exposure of 0.133 second gives a variation of 54 units, similar to the range covered by the time factor. Within these 54 units the photochemical effect of the light is very obviously a linear function of the intensity, as the straight line in Fig. 2 shows. We may then conclude that the Reciprocity Law applies to the photoreception of Mya not only for the minimum energy requirement of 5.62 meter candle seconds, but for a range of 50 meter candle seconds as well.
The energy relations of the photoreceptor process therefore form a consistent scheme of things. This brings increased confidence in the results themselves as well as in their interpretation.
VII.
The investigation of the effect of intensity on the mechanism of photic sensitivity, with which this paper has been concerned, is of more than immediate interest. Most of the data on the photoreception of animals, particularly of higher vertebrates, are given in terms of intensity. Such data have heretofore been refractory to anything but a superficial treatment.
